I examine the effects of Nasdaq's introduction of an anonymous trading facility called SIZE.
I. Introduction
The Nasdaq is a decentralized trading network of broker dealers and automated quote and execution systems. Because of fragmentation in the Nasdaq marketplace, traders on the Nasdaq receive a montage of quote activity currently known as the TotalView. 1 This enables traders to observe the demand and supply interest of nearly all market participants.
The microstructure of the Nasdaq has its' roots in the possibly collusive activity among Nasdaq dealers first documented by Christie and Schultz (1994) . Their paper prompted Securities and Exchange Commission (SEC) and Justice department investigations, and lead to reforms of the Nasdaq. Primary among them was the so-called display rule which guaranteed market visibility of electronic limit orders in the Nasdaq montage. Subsequent studies by Barclay, Christie, Harris, Kandel and Schultz (1999) and Weston (2000) , among others, have documented that the reforms enhanced market quality.
No one predicted how rapidly the ECNs would take market share from the dealers. Barclay, Hendershott and McCormick (2003) , Huang (2002) and Weston (2002) are among the important papers describing the growing role of ECN trading in Nasdaq equities. These papers document the growing market share of ECNs, their role in reducing spreads, and the growing competition between electronic networks.
By 2001, ECNs were handling nearly 40% of volume. Nasdaq knew that it needed to respond or possibly face extinction. Nasdaq's first response was organizational. It made the decision to go public in 2001 and gradually become independent of the National Association of Security Dealers.
It has used stock to make acquisitions as well. It acquired two major competing ECNs, Brass Utility in September 2004 and Instinet, originally brought public by Reuters, in December 2005. Nasdaq's technological response was a new trade and quote platform called SuperMontage.
It was introduced in October 2002 and was fully implemented on December 2, 2002. It offered market makers and ECNs the ability to display multiple levels of liquidity rather than just their top quote. The initiative was also a possible Trojan horse. Nasdaq introduced an anonymous quote and execution facility which appears in Total View under the identity SIZE. This was a direct, Nasdaq branded attempt to compete with the ECNs. This paper looks at the impact of the SIZE facility in two windows, December 2002 right after the full SuperMontage rollout, and the most recent trading month, November 2005. I find that SIZE does not matter. The Nasdaq ECN has not achieved substantial market penetration since its' introduction three years ago. SIZE is the dominant ECN in only 2 of 50 stocks examined. Nor does not have a disproportionate market impact; in about 50% of the stocks it has a significant short-run effect compared to nearly 100% for Instinet.
My measurement of market impact is most closely related to Hasbrouck's (1991) model of joint trade and quote formation. Engle and Russell (1998) extended this model to include the time duration between trades on the NYSE. Engle and Patton (2004) look at NYSE price impact in an error-correction framework. This paper differs not only in looking at the Nasdaq, but also by testing for ECN specific impact.
The organization of this paper is as follows. In Section II, I outline the rise of ECNs in the Nasdaq microstructure. The Nasdaq's new SuperMontage and Total View display and execution systems are described. Section III introduces Hasbrouck's vector autoregressive model of trade and quote formation. Details of the data set and samples selected are in Section IV. Section V estimates Hasbrouck's VAR on a large cap and small cap sample. Section VI compares Instinet and SIZE in terms of market impact. I conclude in Section VII with a summary of the empirical results and informed speculation about the future of the Nasdaq microstructure.
II. ECN Entry to the Nasdaq Montage
The Nasdaq marketplace is a patchwork system that debuted back in 1971. 2 Since 1987, it has offered potentially greater transparency than the NYSE. The Small Order Execution System (SOES) provided an automatic execution facility for retail orders up to 1,000 shares. This system led to the rise of the so-called SOES bandits 3 .
A second wave of reforms followed the wave of government investigations into Nasdaq collusion.
The SEC instituted new Order Handling Rules (OHR) 4 in 1997 that put customer orders on an even playing field with dealer quotes. Nasdaq quoted and effective spreads declined substantially following these reforms. Inside spreads were narrowed further with the introduction of $0.01 decimal Even though trading remains fragmented on Nasdaq, the limit order book still provides a centralized view of nearly all the available liquidity. 8 Nasdaq provides this in its' Level II display to which I now turn.
III. Details on the Nasdaq Limit Order Book
The best way to discuss the Nasdaq limit order book is to consider an example. I include one partial display for American Power Conversion (APCC: NNM), one of the mid-size cap stocks in the Nasdaq 100 Index, at 10:54:28 on December 2, 2002.
[Insert Table I About Here] Table I shows the first five price levels (tiers) of the bid and the first three tiers of the ask. In the complete display, there are 51 distinct non-zero bid and ask prices in the stock. Note, of course, 5 Selectnet was an internal preferencing mechanism that enabled traders to reach specific markets and ECNs. The inside market or Level I quote consists of the best bid and ask prices and the largest depth.
In this case, the Level I quote would be 15.99 × 16.00 with a depth of 1 × 1. This would be the quote you would see displayed on most free Internet quote services like Yahoo. It would not offer you the identity of the liquidity provider, nor would it show you additional depth at the inside quote. The Level II, in this instance, reveals three ECNs on the bid, Brass Utility (BRUT) which is the top bidder, Archipelago (ARCA), and Island (CINN). 10 On the inside ask, there are two ECNs, the Nasdaq's SIZE facility and Instinet 11 (ADFN) . Having ECNs at the inside market is not unusual on Nasdaq; for every Nasdaq stock analyzed, an ECN was the most frequent inside market participant. In the aggregate, Nasdaq found that dealers were providing less than 12% of all quotes in December 2002.
There are two market makers in the display: DAIN, and Salomon Smith Barney (SBSH). The American Stock Exchange (AMEX), which was owned by Nasdaq at the time, appears on both the bid and ask.
One cannot assume that the market makers or ECNs show their complete depth. Nasdaq allows them to display a given size and hold a reserve size. For example, Dain Rauscher may actually have 1,000 shares to sell. An order of that size would be filled in its entirety, even though they are only showing a depth of 100 shares. Many market makers show the same depth during the entire trading day, perhaps for strategic reasons. Market makers may also be buyers or seller through the ECNs.
I next turn to modeling the dynamics of the level II display using an econometric model. 9 A complete list of Nasdaq market makers and ECNs and their symbols may be found on the Nasdaq website, www.nasdaqtrader.com.
IV. The Hasbrouck VAR
I follow the standard bivariate VAR model of intra-day quote and trade evolution first introduced by Hasbrouck (1991) . Time t here is measured in terms of quote revisions: any change in the quote montage represents a tick. The quote database only updates every second though, so changes within the second are not recorded.
Let r t be the percentage change in the midpoint of the bid-ask spread, log((
. Let x 0 t denote the net sum of the sequence of signed trades since the last tick. A transaction is considered to be a buy (sell) and is signed +1 (−1) if it is above (below) the midquote. 12 The quote revision model is specified as follows
Following Handa, Schwartz and Tiwari (2000) and Madhavan and Cheng (1997) As in Hasbrouck, my quote revision process is part of a bivariate VAR with a symmetric model for the trade process,
12 I also tallied the sum of the trading volumes x t using the same assignment scheme, but I found that the binary variable x 0 t worked better.
Estimating (2) + ε x,t .
Transactions are positively autocorrelated and highly predictable. (2) has an R 2 of 0.76. Both of these results are qualitatively similar to Hasbrouck's, though the dynamics are more persistent than in his sample of NYSE stocks.
I will now proceed to estimate the bivariate VAR on a larger cross section of stocks that are detailed in the next section.
V. Data and Sample Selection
Since January 1999, Nasdaq has collected a complete record of quotes and trades in a monthly Table II. [Insert Table II About Here] I chose a random sample of 25 smaller capitalization stocks using three criteria: (1) a price of greater than $5.00 per share; (2) an average daily trading volume of 7, 500 to 40, 000 shares; and (3) 90 day moving average of volume in the 28 to 52nd percentile. The selections are described in Table III . This small to midcap group is a very different world from the Nasdaq 100. The average market capitalization is $549.70 million with an average share price of $16.09.
[Insert 
VI. Estimates of the Bivariate VAR
I estimated the bivariate VAR (1) and (2) for the two samples discussed in the previous section.
I then solve for the moving average representation and compute the impulse responses. From the long run impulse response, I obtain an estimate of the market impact.
VI.A Market impact
Hasbrouck argues that the trades represent public information since they are disseminated over the tape, while quotes are private information. Both, however, contribute to possibly persistent changes in transactions prices.
The market impact of the trade can be measured by the dynamic effect on subsequent quote revisions. This is a complicated process involving the interaction of the lags in (1) and (2). A tick occurs, on average, every 1.3 seconds for one of the Nasdaq 100 stocks, so 36 ticks represent on average one minute of clock time. The market impact of a one unit buy order for APCC after 36 periods sums to 27.240 × 10 −4 . It implies a $0.0681 midquote revision for a $25 stock.
[Insert Figure The American Power Conversion (APCC) results on market impact from the earlier section are indeed quite typical of the Nasdaq 100 as a whole. The market impact is measured positive for all but two stocks in the large cap sample, with an average midpoint quote revision of 13.14 × 10 −4 .
This implies a $0.0328 quote revision for a $25 stock. Estimates for the random Nasdaq 100 sample are in Table IV. [Insert Table IV About Here] The smaller cap Nasdaq sample has a substantially higher market impact although the point estimates here are not as sharp. 20 of the 25 of the market impacts are estimated as positive, and several are quite large, with a median market impact of 177.09 ×10 −4 . For a $25 stock, this would represent a midpoint change of $0.443. The small cap market impact estimates can be found in Table V. [Insert Table V 
VII. Competition Among ECNs Market Share in 2002
A common way to assess the importance of a liquidity provider is to determine how often they are providing the best quote in a particular security. In Table VI for the Nasdaq 100 and Table VII for the small cap stocks, I show the percentage of inside bid and ask appearances for SIZE and the most active ECN in the security.
[Insert Table VI ECNs have a more significant role in the large caps than in the small caps. SIZE is statistically significant for 13 stocks: ESRX, INTC, LNCR, MLNM, PCAR and USAI on the bid, and CHRW, CMCSA, ERICY, IVGN, LNCR, PETM and SYMC on the ask. Instinet is a truly dominant presence in the large cap stocks. It is statistically significant in every large cap on the bid, except for WFMI, and for all 25 stocks on the ask..
Among the small cap sample of 25 stocks, SIZE has a statistically significant market impact on the bid in only two, HGIC and HIBB. Instinet has a significant impact in 5 stocks: CORS, EMBX, FFIC, HIBB, and WDFC. On the ask, SIZE is significant only in HIBB. Instinet has a significant impact in 7 stocks: CRZO; FFIUC; HGIC; HIBB; TGIC; VITL; and WDFC.
Market share in 2005
By November 2005, SIZE had more than doubled its' market share in the Nasdaq 100 sample 14 to 2.11%. Nonetheless, the overall market share is still small, and SIZE does not have a dominant market share in any individual security. Bloomberg (BTRD) has emerged as an important player, with leading ECN shares in 15 securities. BRUT is second with 6 lead positions. Instinet has also declined in importance though this may be attributable to data classification.
In the small cap securities, SIZE is the dominant ECN in only 2 cases: FFIC and HGIC, but it has grown its' market share even more significantly than the large caps to 2.41%. In FFIC, PEAK, and TGIC, the SIZE share is above 4%. Instinet remains the dominant player here, with a leading market share in 9 securities compared to 7 for Bloomberg.
VIII.The Future
As a result of the mergers with BRUT and Instinet, Nasdaq's share of trading volume in its' own listings will exceed 50%. Adding the broker-dealer volume reported through Nasdaq, the publicly traded Nasdaq Stock Market Incorporated (NNM: NDAQ) may reach an 80% share in Nasdaq stocks 15 . This is a remarkable turnaround for an exchange that was close to extinction. Investors SIZE has grown substantially in the three years since its' introduction, but it is not yet a significant factor in Nasdaq liquidity. Perhaps as the Nasdaq expands into NYSE securities, the role of SIZE will continue to grow in importance. 
